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Utilizing the Reper-ted load ^^dra.iilic Testing Machine at the 
Dpniel Gugganhein Aeronautical Lahoratoiy, California Institute of 
Technology/, Pasadeno, California, the author. In collahoration with 
Lt, Comdr. '0. J. Hardy, U, 3, Navy, investigated the effects of surface 
roughness U|TOn the cyclic life of 26 ST aluminum alloy when subjected 
to repeated constant tensile stresses in the region above the propor- 
tional limit. 

The stress impulses are of such low frequency as to allow con- 
sideration of single inr'ulses, The rate of build-up of the impulse, 
and the duration of the irspulsive load, are such as to create an e- 
quivelent sta.tic load of substantially the sane m-'gnitude as the peak 
of the im-'ulse loading. 

It v;as found that surface roughness has some effect upon the cy- 
clic life. In the lov;er stress regipna, the greater the degree of 
surface roughness, the siiorter the life appears to be. However, for 
the range of roughness investigated, S^^cto 200 /j, the effect is not 
30 pronounced as is usu/dly found belov; the proportional limit. 



"hero the aj/ lied strezziz ro. ch,:d f r u. into the plastic 
ran.^e the effect of lurf .ce roujhno^o does not seeri to follow 
qaito ao specific r. . attorn. '.inco t!^o lo-idin/" irTpulso featured 
a 0.33 second duration of n.?j:inu . lo-d, the eff^'cts of creep 
nay well hove tciken over in ohuiping the life cycle curve with 
little ro?^ard for surface roughness. 
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I. IHTRODUCTIOr,: 

This inveotlgation seoks to carry furthor, in a definite di- 
rection, the innense taek of coniplotely detemining the effects of 
roi eatad tensile stresseo upon duninun alio- material. 

Certain structural nonbero, more corusonly found in the aircraft 
industry, are subjected to tensile stresoes applied many times dur- 
ing the desired life of the part, but '/hich nembers are commonly de- 
signed to operate vlthin the proportional limit. If definite criteria 
co’ild be built up such that the member can be designed very close to 
the proportional, or fatigue limit, as circunstences warrant, with 
the lai^wlodge th-t a definite number of overstresses of given magni- 
tude abovo the proportional limit can be accepted v/ithout fail\ire or 
undue permanent defomation, then the savin^.^ in weight and cost are 
obvious. The first step, carried out here, is to investigate the re- 
gion above the proportional limit for 25 57 aluminuiii alloy subjected 
to repeated tensile loads of constant magnitudes. The variable is 
surface roughness in the range of 5yt' to 200^, The extensions of 
this investigation must proceed in several directions. At least one 
other aluninura alloy should be studied before a general statement 
might be considered safe. Then the problem of varying the magnitudes 
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of the stresses on specinen naat bo invostigatod. Finally, 

other t.-pos of stressing mat be brought in, such as .combined bend- 
ing and tension. 

The first of a scries of steps toward anaasing useful data on 
this subject was the dooign of a testing machine. This work was car- 
ried out by Lieut. Comdrs. Bdward G, Bull and Robert L. Mastin, U.3. 
Navy, and reported on in their thesis '’Repeated Loads Above the Pro- 
portional Limit on 24 3T Aluminum Alloy,” O.I.T. 1947. 

Tne work vas carried forv/ard by Captain Conrad R. Kelson, U.3. 

Air Force, as rorx)rted in his thesis, of the same title, C.I.T. 19'1C, 
The results showed that permanent defomation caused by overstressing 
could not be used for forocasting the life axr^octancy. It was also 
found by Helson that "rest periods” during cyclic load applic.ation 
had an effect on the life cycle, as did Initial stresses ?nd magni- 
tudes of overstresses applied. However, quantitative results could 
not be derived in the time av.eilable. 

The results of the presently reported investigation showed tha.t 
surface roughness was a factor in the life expectancy of similar spec- 
imens at the same loading, at least in the region just above the pro- 
portion'd. limit. 

Since even the slightest amouiat of bending coupled with the pure 
tension causes a pronounced drop in the cyclic life, these results 
are applicable only to mesmbers with freely hinged ends. 

All wor^c was carriod out by the author, working witii It. Gomdr. 

D. Hardy, T. j. Ravy, as partial fulfillment of the requireniento 
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for the Degree of Aeronautical Dngineor, at the Daniel Guggenheim 
Aeronautical lahorator;', Caiifoniia Initituto of achnolo^y, raorv 
dena, Oalifomi'i, during the Acadonic Year, 1948-1949, 
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IX. Z^iriUTi?2 



Test 3~DeclBen3 

The laaterial used for sll tests caiae from a 25 ST forging, v/ith 
the follo’sdng proijertlesl 

Yield Strength -- 39,400 - 41,350 p.s.i. 

Tensile Strength — 58,000 - 61,596 p.s.i. 

ITLongation in 2 inches — 15^ - 17 
Chemical Composition 'pi (Kei.'iinder jU.uninun) 

Cu 3i i<g Fe h'n Zn Or 

4.43 0.67 0.016 0.45 0.T3 0.26 0.02 



The test specimens vere mnohined to the shape and dimensions shovm 
in I'ig. 1. Hot© here that upon the recommendations of previous invest!- 
gators, (3ief. 1), the fillets were made 3/8*’ radius, instead of the 
o/lS” radius used in previous investigations. Machining and applica- 
tion of the surface roughness were carried out in the G.I.T. ’^.achin© 

Shop. Surface roughness was applied hy circumferential grooving to give 
a constant moan diameter, hut i-/ith ridges of 5^, 50^^ lOC^, and 200 ^a, 
A round tool, radius 3/64”, '-/as used on a Pratt & V^hitney 13-lnch 
lathe, Model B. The advance used for the grooving was as folloxtrs* 

Houghness Advance 

5/^ 0.0012 in/ rev 

50^^ 0.0070 in/ rev 

100/^ 0.0100 in/ rev 

200 0.0143 in/rev 



The i*oughnoo 9 was checked on a Profiloraeter built by Physicists 
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Reeearch Conrpany. 

Togtin^ ?Iachlne 

This a»chine vas dosigned cjid "built in 1946-47 at C.I.T, by 
Lieut. Con^.rp. Soli, Bull, rn' .'astiii, aJid Lieut, Ditch, all of the 
"J.l. T f^vy, (Kof, 1). It *;aB subsequently jnodifled by .*r, Chinta- 
kindi "v . Jonoi'^ao Captsln ‘."elson, ,, Air lorcc, to otiffen the 
teat T'latforLi, (/.of, 2). I^irther nouificatiens vhlch vill be indi- 
ct ltd herein v/ero ri-do by the .-.uthor c-nd Lieut. CoiUr, D, J. Hard^", 

/ji .'.ircr.ift hydraulic (^•lindcr applies a tensile load through 
f.. .uiiveraal joint 'iid load, cou^-on, (.'1^:. -J, located bet’/een its 
piston raid the test spociacn, d'o other ond of tho test o^eci en 
is secured throuf;h Fiiiother unlvex ^.-1 joint tc tho frar.e of the tost 
rl itfori:i, 

3’igs, 3 end 1 ’re photographs of the testing ua chine. 

The hydraulic cylinder is .ctus.ted periodically by a Vickers 
solenoid p,cting on a slocvo valve in the pressure line to the cylin- 
der. The solenoid is operated through contact points opened and 
closed by a cesr. driven by a 1/20 Ki universrl-vound llC-volt a.c, 
olectric ootor. The sanio motor operates a nechariical counter vhich 
recoj*ds the number of cycles of loj-d. api lioation. Since there are 
taio complete working curves cut on the single cam, tho recorder, opei^ 
ating on the esm shaft, ••■ill record exactly half the actual stress 
cycles applied, 

TliS hydraulic system starts at a reservoir vith fillsr strainer. 



(Figs, 5, 6, 7, 8, 11), which supplies fluid to a positive dlsplace- 
ment gear puzap driven throu^ a stejj-up reduction gear of 3,06 to 1 
ratio "by a 6 HP 330 volt a.c. electric motor, rated at 1140 Hi’M, An 
accumulator, strainer and pressure regulating valve are in the line, 
Pressures up to 1000 p,s,i. are claimed 'by the designers. However, 
no occasion to use more than 500 p, s.i. was eacperienced in the present 
investigation, A pressure-relief valve is installed and set for 1250 
p.s.i. The effective piston diameter is 11,5 sq, in. Hence 500 p.s.l, 
vrf.ll aFply 5,750 pounds on the specimen, With cross-section area of 
0,0707 sq, in, for the test section of the specimen, this corresponds 
to about 81,400 p,s,l. 

A Bourdon hydraulic pressure gage is Installed in the line just 
ahead of the solenoid-operated valve, A one-way valve prevents rapid 
drop of pressure from injuring the gage at the instant of load appli- 
cation, As will he discussed presently, this gage gives the coarse 
setting of load, but is not used for the accurate determination, 

Sveiything from Military Specification Hydraulic Oil t© third 
rate automobile crankcase oil was used in the system, v/ith no failures 
attributable to the type of fluid. 

The tost platform is essentially a pair of 6'^ steel H-beams, six 
feet long, bolted together. Upon the beams are mounted heavy steel 
fittings to anchor the hyriraulic cylinder and the fixed end of the 
test specimen. Obviously the length of the entire machine could have 
been halved by mounting the oil reservoir and accui^ator adjacent to 
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th'3 main motor, rather than in line '/dth the hydraulic pump. As in- 
die tod in Fig, 5 over/thlng I9 mounted helo*'/ the table top except 
the specimen, its fittings, the hydraulic cylinder, the electric con- 
trols, pressure gage, counter, and nicro-svltch cut-out system. All 
other hydraulic linos and fittin.'^s as veil as the main motor end its 
shaft chain >ire bolo’f the table tor'. This is especially fortunate in 
i'eepiri'3’ the constant oil lea'rs from damaging the electric system as 
••/ell as giving i clean sp’co for recording ^»nd changing opocinens, 

'“ho universal joints at either end of the specimen carry counter- 
' 'eights to statically b^l*nce thor. It vas found necessary for the 
present investigators to install guides for these balances since 
there was 0. dofinite tendency/’ for then to rotate the universal joints, 
resulting in jamming of the r.yoten in a.ddition to inadvertently ac- 
tu-'ting tho cut-out switch, Theso .•niides have been made very loose 
to allow movoment of tho weights both axially and a f-ew degrees of 
rotation. This wa.s necessary to allow movement of tho universal joints 
when c'nnging specimens. However, since the *-;alght -/ill seldom move 
from its position vertically above the specimen axis, the guides are 
primarily p. safety feature, 

oince reworiclng of the hydraulic system resulted in a set-up 
•'/hich v/ould hold constant load to a remarlcabls accuracy, it was found 
possible to leave the test in operation for extended periods of time 
with assurance that the load would not dro- off. Hence, the writers 
v/ere a.ble to carry out mch more testing than w'ould have been osaible 
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had their presence been constantly required as in previous void:. 

This foeture nr-d.e necessary the installation of sone sort of cutoff 
so that upon fracture of the spocinen, the motors vwuld stop, es- 
pc-ci:-ily the counter-motor. Since the hydraulic piston is ordinarily 
operated vith its free end about one inch outside the cylinder, and 
since it v*ill be pulled completely back to the cylinder upon release 
of the l0‘.d (1.6. frp.cture of the specimen), it v;es possible to use 
this return fop.ture of the piston as the cut-out actuator. Fortu- 
nately, the piston has a collar raised about ono-quartcr inch from 
its circunferenoc. Thus It uas i>ossiblQ to instell a micro- s\</itch 
nest to this collar, so that as the piston returned tovrard the cyl- 
inder after fr-<cture of tho specimen, the collar v/ould strike the 
ctuatlng arra of the nicro-sefitch. The micro-switch was modified 
from a '’nomally closed*’ to a ‘’normally open” type because there was 
none available of the type desired. This micro-switch was in the 
circuit vitri the solenoid motor and was led to a throe-pole, double- 
throw relay. The relay in tur- connocted to the counter cii*cuit, 
the solenoid circuit, and the rosin motor cut-off switch, !Eius ’.vhen 
t3:e nicro-s*idtch was r.ctu:;.ted it opened the circuit which energized the 
relay solenoid, thereby dropping the solenoid plunger, opening all cir- 
cuits to shut do’>m 11 operation. The stopping of the counter motor 
at the tir.e of fracture left a record which, of course, was the. es- 
sence of the entire test. Fig. 1.T diegra^ns this electrical circuit. 
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It */jL3 n-^ntionjd aoova th-t t'lo hydrc.’.dic rres^uro e’ge offerod 
a coar- 3 j ;tcui 9 of oottin^ a definite lord uyon ttic spocinen, He-fever, 
t of accuP'tel^ obtaining re.-din^^c of the rct'.i-l load beirig 
aif.lijd, vaa throu^jh 3H— 1 reeiat/pice ’’ire otrain sazica. Four of those 
are mounted at r.inet 7 degree cprxing on a steel sleeve, called 
the "load coupon", (fig. C). This coupoji is mounted bet-^een the hy- 
draulic ;^i..ton and tr.e specimen. !ine*.dng the cross-sectional area of 
t:ie coupon aiia th t of the test Oi-eci'ien, a correspondence c n be sat 
UT. bct./eon the strain of the coUj>on and the stress appliod to the spoc- 
inen. This ij done by corx.arioon as described beloy. 

Load tieasurln/^ Squlnnent 

After the etrain gages are cemented onto the coupon and checked, 
the coupon is y)laced in any standard tension testing roachine and th© 
gage readings recorded by galvanoneter, as known loads ar© applied, 
Tlius, Icnowing the cross-sectional area of the coupon, readings on the 
galvanometer can be translated directly into load in pounds or into 
p.a.i, on the test specimen. During the calibration run it is possible 
to note that all gages are performing correctly and that their read- 
ings can be averaged by putting them in series and applying a factor 
of four, ihus all effects of bending ?.re teken out. Table I and 
Fig. 15 detail this calibration. 

Ko’vover, since p galvanometer would be useless for measuring loads 
which rovort to sero 52 tines e«ch minute, a comparison system is used 



during tontiaj. v. control "bo'ird nrr:lif7iii{' syatera are provided. 

See olectricj.1 di vi^iv.r., Tic* 1C, Behind the control board a aeiector 
can connect to t'nc rocoi'din/^ system any one of four sets of reals- 
tcUicQc. Iliese fc;ir resistances correspond to apjjlying 1000, 2000, 

2000, or 4000 pounds to the lo-.d coupon. Ene installation of those 
resistances can be r. '.c ’-hile c.ilibratins the load coupon on a tension 
ttistinc nacliinc. O’ith lOOO pounds vn-pplied load, the average strain 
gc^e reading is recorded. Chen enough resistance is put into the 
selector systen to give the identical electrical reading. 3im-* 

ilari^ tlio resist nces ire set up for 2000 , 2000, and 4000 pound 
ioiidi, Tnera.-fter, during testing, any refi,dlng of the load couj>on 
strain gages can be cor.wared to those standard values to determine 
its magnitude, in pounds of load. 

*he reason for this rc:thod is that vrhile the tost is in progress 
the most feasible syston found for rapding the strain gages vras to use 
a Heildjad Kecordiiig Oscilloscope vhich makes a photographic record of 
electric resistance wignlnst tine, using en amplifier to get reasonable 
accuracy. Sicn, bj* running the Is20*-=n electrical ingsulses for lOCC, 
2COO, 3000, and 4000 pound loads through the same circuit, the actual 
load line can be compared to then by direct measurement, and the actual 
load ascertrinod. Onus the com\c.rlson is unaffected by fluctuations 
in supply current or teraporature of the amplifying circuit, since the 
strain gucc rcadinge and the cotToa-rlson loads run through the same 



circuit 
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An exanple of a typical oscillograph recording ie aho’^n in 
ig. 8, I'ron it the follo’ving infoni'--tion is obt-lncd. 



Duration cf zero lo-d 


0,63 sec. 


D\ir,->.tion of Maxienn load 


0,33 sec. 


Tlr .10 - ■'*0 Load to Full Load 


0.14 sec. 


Time - Full Load to Ho Load 


0»02o sec. 


Tine for one conploto cycle 


1.125 sec. 


Uuraber of cycles ■; er ninute 


52 


/‘axlnron Rato of Lording 


41, 700#/ sec. 



’aximn Rate of Unloading 184,CXX)y/3oc. 

Zils inforn-.tion used in prollninary analyses as ’fill ap- 



pear later herein. Kovevor, during actual testing only the Rignl- 
tude of the lo ’d required. 
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III. ®ST PEOOBIXJH33 

In Jig, 9 a typical section of film is ehov/n, IThe first three 
sections are the result of passing ICXK), 2000, and 3000 pound equiv- 
alent electric loads across the screen. The last section, photo- 
graphed inraediately afterward, is the result of passing the actual 
electric load on the strain gages across the screen. To analyze this 
reading, draw T>ase lines and measure with dividers the heights. In 
this Case the calibration lines are: 

1000 0.32« 

2000 0,65'» 

3000 0.96« 

Thus it appears that 0,32” closely corresponds to 1000 potmds 

load. Accuracy to O,©!*’ is all that can be expected due to widths 
of recording linos and the development of the film. This naximum 
accuracy can be best achieved by using at least three calibration 
loads as wae done here. 

The height of the load lino is 0,84”, In actual testing, tv;o or 
three of these loads would bo photographed in succession. They would 
be found to be of identical height almost invariaMy. 

Thus, by commrison, the load v/asi 

X 1000 = 2625 pounds 

0,32 

2 

For specimen section of 0,0707 in the tensile stress is then 
= 37,130 p,3.i, 

• 0707 



f 
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A perfect test run would sViow periodic roadinga which, although 
both calibration and load lines varied v/lth temperature, would, for 
each reading, calculate out to 37,130 p. a.i, tensile stress. Unfort- 
unately the hydratilic system does not keep the load perfectly constant. 
Since it is impossible to photograph, develop, dry the film, and read 
it, without considerable tine ensuing, errors in load nay continue for 
long periods of tine before correction. However, these load varia- 
tions er ‘0 not great as evidenced from a typical record sheet, Fig. 10, 
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Although the v.»ork herein ia conducted in tho region of etrceges 
which lies above the i,roportion?J. linit, the metal nay still be con- 
sidered an elastic body and as such it is necossaxy to examine the 
testing soqusnce applied v;ith a viow toarard detomining the effects 
of vibrations which laay bs excited. 

Looking first at the brapJ^do^^ of load vs tine as portrayed by 
oscillograph recordings, Fig. 8, it can be seen that the frequency 
of load application is 52 cycles per minute, or 0.867 cycles per 
second. 

To compute the natural frequency of vibration of tho test sec- 
tion of the test cpscitnon, in the longitudinal node, It can be as- 
sumed that the test section acts no though clamped at the ends. Re- 
ferring to Pen Kartog*s text, Pef. 3, in his Appendix II the natural 
frequencies are found from the foriaxlai 




/ f = fundamental natural fre- 




where ] 0.101/386 ysec^/in^ 



1 = length, 2 in. 
E ss .Mod, of .51ast. 



lod, of .51ast 



10,300,000 p.s.i. 




as 49,500 cycles/aec. 



The natural period Is then T « =s 2.02 X 10**® sec. Higher nodes 



will, of course, give snaller periods. 
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ITo’f, since there is an unloaded tine of 0.63 seconds between 
irapuloes, the systen can complete 0,63/?. 02 x 10*^ = 31,300 natural 
periods before the next impulse bogin 3 . Thus all vibration will be 
darr'ied out bet-xocn cycloo and the syston can be considered as sub- 
jected to Isolated impulses, with no effect due to the p^iriodicity 
of the loading. 

The eff^'cts on simtjle elastic syste' a of various forms of im- 
pul5ivo Ic jdo Ilf' VO been organised in a paper by Dr, J, H, Frankland, 
lef. 4. In order to &p]ly his conclusions to an elastic system, 
30veral conditione ijust be fulfilled, thereby allowing the system 
tc be treated rS hr:ving one degree of froodon. These conditions 
are ; 

(a) The duration of immet niist bo sufficiently long so that 
there are no conxlic tions duo to stress waves and other 
phenonena foreign to the systen of one degree of freedom. 
Dr. Frankland suggests that the iEipulse should last at 
least a tenth of the fundansntol natural period of the 
systen. Obviousl", this condition is fulfilled by the 
systen under consider' tlon herein. 

(b) The inpact load should be distributed fairly uniformly 
over the structure. Since the load is transmitted to the 
test section of the siJGcinen through the homogeneity of 
the material, a unifom load distribution is closely 



st)*>ro:rinatcd here 



(c) The fundamental inodo of tho stractaro ic uncoupled vith 
hif^her loodes* In the caso under observation, the funda- 
DGutal Lnodo in question ia lorH'-'jituIinrJ, -nd inay be con- 
sidered uncoupled vith hi,»her nodes. 

Tor such idealised systems, Dr. fraaliland offers approximte, as 
veil AS exact colutions for the equivalent static lo.ad im^jresoed upon 
the sysluii. For a type of inpul so vhicli Is of uniform na^.itude arrd 
is lon<x in comparison to the nrtural period, as in this case, the ira- 
ix>rtant parar.«ter is tne rate of ouild-up of the inpulne. UeiaQ the 
fcliovini^ nomenclature, the relation beloif applies: 

e.s.i, ~ equivalent static load 

n « dynamic load factor = itapulse peak load 

p circular natural frequency 

t^ = tino roquired for build-up of impulse 

2 , P^o 

Pormla: n k 1 "t sin — 

pto ^ 

In the systera under consideration, ptQ = 43,500 end thus the 
second factor closely approaches zero. Hence, the equivalent atatic 
load may be taken as identical to the peak of the ic^julse loadiiiig. 

Por a ^p:*aphical method of obtaining the equivalent static load 
due to an impulse of any form, a paper by 3r. G. il. Hudson, ^ef. 5, 
is recoraiended. 

Prom the foregoing analysis it can bo concluded that the system 
is actually subjected to the stresses set up by tho loa-ds as indicated 
by rsadiJ\g the strain gage loads as ijroviously described under '‘Test 
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Proceduro** . However, in any future attenpt to coi!ipara impulsive load- 
in/^ toots ris/ie by different typ-es of in^uloes, the equivalent static 
lofiiinf^ muct bo carefully conTmtod, since that factor is, after &11, 
the dotensinin^ factor for the y.ctusl stresses induced. For injjalsea 
of duration close to the natural period of the systen, tho oquivnlont 
static lovl may approach twice the impressed load, Piirtherriore, it 
is obvious th'.t the frequency of applying the injnilsos mst be inves- 
tigated for approfchlng resonance. 

One other parrmeter must be mentioned when dealing with the region 
above the pi’o-,>ortlonal limit. "Creep'’ is a definite function of time. 

In the ty’^e of loading applied hore the full magnitude of applied 
force endures for an appreciable period. Hhon this time is added for 
the rel tively litj^jo nujsbers of cycles applied in these tests the de- 
formation operates through Poisson’s ratio to reduce the cross-sectional 
area progressively. Thus, for constant loading the induced stresaeo 
progressively increase, This factor has not been considered herein. 
However, it is again worthy of mention that the duration of load ap- 
plication, as well as rapidity of build-up and release of load, must 
bo weighed when attempting to correlate these results with those ob- 
tained for identical magnitudes of loadings but with different types 
of inpulses. 

It night be worthy of coment that in the foregoing computations 
it was not necessaiy to strive for great accuracy since it was obvious 
from the start that the natural frequency night be considerably dif- 



ferent and yet not alter the dynamic load factor fron unity. 
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V. R733ULT3 

Taljlas III through LVI indicate the degree of accuracy achieved 
In attempting to hold a constant load during a teat. It is believed 
that all tests were held to sufficient tolerances to justify plotting 
ail results on the appropriate curves. Hovover» inaa,y other tests 
ware started but not corax)leted for a variety of reasons. 

Many of the tests involve prolonged periods between readings 
for checking the load. In cases whore the reading following the in- 
terval shoved that the load wa.s as desired, it appeared reasonable 
to assume that con'^tant load! ig had prevailed. 

It was thought that there might be some weakness exesrplifled 
by a fillet break, and hence the type of bjrealt was noted in every 
case, and wss specified on the plot. However, fillet breaks did not 
change appreciably the scatter of the teat result points. 

Figs, 16, 17, 18, and 19 are the plots of all test results for 
the roughness factors investigated. Fig. 20 shows the effect of 
roughness l?y comparison of the replotted curves. 

Although scatter mad© it difficult to be too specific regarding 
the position of a curve, it Is felt that a definite tendency toward 
decreasin,^ the life of a spocimen is revealed as roughness increases. 
Although this result apposjrs, from Fig. 20, to be quite general, the 
;mthor foels safe only in applying this statement to the relatively 
low stress region, just above the proportional limit. 
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rote that there lo too nuch ocattor in the higher stress re- 
to rnit nic/u-iin, 'i, O.exinite deteiuiti tion of vhore the curves 
li«. "^he rOO zt r^u^hnoss test* govo a ver, '’ood groupiiv: of points 
in region ’<hich overlapped the curves of lea 3 rouglmeso, as can 
he aoen xroM "ig. 19. Tuis '^•.ppurent reversal of e^qjected results 
is another f ctor vhich influences the author to refrain from dr.^w- 
ing conclusions concerning the effect of roughness in the higner 
stress regions. 



For 2B 3T alunlniir'. slloy, surface roiJLsbness affects the life 
expectancy of a nenbor subjected to repeated tensile stresses of 
ma^itudes £jreater than the proTjortional liirdt. In the Teitflie of 
OyU-to 200^t each step of increasing roughness resrolta in a de- 
crease in cyclic life over a range of loadings embracing the pro- 
portional. Unit and on urs to about 42,500 p.s.i. For higher 
stresses, the affect is in general the sane, but specific state- 
ments cannot be mad© without fdrthar testing. 

Tile degree of shortening in cyclic life appears rather sinall 
when comparad with sinilar tent > helov; the proportional limit. 

With the scatter- as broad as it appears herein it might bo con- 
cluded that the expense incident to reducing roughness during fin- 
ishing operations on structural parts is possibly not justified If 
carried out for the purpose of Increasing life expectancy above the 
proportional limit for this type of loading. 
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VII. Hi2CO.[?an}ATIOH3 

It is not expected that other alu/oinun alloy structural natcx^ 
ials v/111 exhibit different results than the 3T tested here. How- 
ever, in the interests of corapleteness, this work might well bo ex- 
tended to cover those materisla in common use in industry. 

Since few aircraft nembors are subjected to such constant 
loadings as v/ere applied during these tests, the effects of varying 
stresses should be investigated. Captain Holson, in Ref, 2, did a 
slight amount of work in this direction. Kovover, sons definite stat- 
istical pattern is r.iandatoiy. 

In regard to the equipment, several points are worthy of mention. 
The rate of loed applic* tlon, 52 cycles per minute, could be increased 
neny fold without increasing the dynaraic lord factor. Moreover, It 
would appear that if the loading was compared on a basis of equivalent 
static loading, the results should be irrespective of the mannor of 
achioving this load. That is, if the load of a definite magnitude is 
applied directly, or If half that load is applied in such a mnner as 
to give a dynamic load factor of two, the stresses incurred should be 
Identical, Hence, redesign of the Esachine to increase greatly the 
cycles per minute seems justifiable. However, as pointed out in the 
^Discussion” section herein, the duration of load would thereby be 
reduced so that a greater cyclic life might be exx>ected. 

Captain Helson, Ref, 2, investigated the us© of an Oscilloscope 
with retentive screen for load measurement, and found that a rate of 



loading of at least 600 cycles por minute %*ould l>e the miniouia that 
could be so neasured, and tliat oven then, the mean load, rather 
then peak lord v/ould come out. As an altematlvo motliod of reduc- 
ing the excessive wrkload of the present system it is suggested 
thet precision type pressure-control valves might allow load control 
without any resort to strain gages. 

At the very least, the present system could be vastly in^roved 
by eliminating the storage batteries. Checking, watering, charging, 
and raoving of these batteries occupies more time than is Justified. 



•*«s 

jx. y*» I U ;0 



1, “JiGpeated Lo'idg Mjove the Proportional Llnit on 24 ^ Alunlnun 
'‘J.loy'’, Lt. Coiadri. C. Troll and H, L, TIaetin, ’J. .T. l^avy, 

2, Repeated Loads Above the I roportional Unit on 24 31 /JLuminum 
Alloy'*. Captain C, Tolson, U. 3. Air Force, 

3, '’Mechanical Vibrations". Jen Harto^". McGraw-Kill, 1940, 
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10 
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12 
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14 
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17 

18 

19 

20 

21 
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TABLE 1 

Calil)ration of Strain Gagas 
(Connected in Series) 





Milllvolta 


100 


.310 


200 


.616 


300 


.930 


400 


1.22 


*500 


1.55 


600 


1.86 


700 


2.15 


800 


2.4^ 


900 


2.78 


1000 


3.10 


1100 


3.41 


1200 


3.73 


1300 


4.03 


1400 


4.35 


1500 


4.68 


1600 


4,98 


‘ 1700 


6.29 


1800 


5,62 


1900 


6.93 


2000 

i 


6.21 


2100 


6.56 



2200 



6.83 



“ 25 * 

T.'iSLD I (Cont*d) 



Heading 


(lbs,) 




23 


2300 


7.19 


24 


2400 


7.50 


25 


2500 


7.82 


26 


2600 


8,13 


27 


2700 


8.44 


28 


2800 


8.76 


29 


2900 


9.09 


30 


3000 


9.36 
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TA3L3 IX 

Static Tans?ilc Test 
25 ST 5 Surface Roughness 
Hiroop Hall— l?at9riale Testing Lab, 
Specimen Diameter 0«3” Areas 0,0707 sq, in. 



Load 

Ibe, 


m 

Gag© 

Rdg, 


m 

Strain 

Rdg. 


mo 

Gage 

Mg. 


fj^80 

Strain 

iry^in 


Average 

Strain 

iVin 


Stress 

p.s.l. 


0 


0 


0 


0 


0 


0 


0 


300 


2,0 


3,05x10“^ 


2.5 


3.905x10“ 


3.477x10"^ 


4243 


600 


5.3 


8,082 


4.5 


7.029 


7.555 


8486 


900 


8,0 


12.2 


7.6 


11.871 


1^2.035 


12729 


1200 


10,4 


15.86 


10,6 


16.557 


16.208 


16972 


1500 


13.0 


19.825 


13.3 


20.775 


20.300 


21215 


ISOO 


15.8 


24.095 


16.3 


25.460 


24.777 


25460 


aoc 


19.6 


29.89 


20.0 


31.240 


30.565 


29701 


2400 


28.2 


43.00 


28.3 


44.205 


43.602 


33945 


2560 


42,0 


64.05 


42.0 


65*604 


64.827 


36209 


2700 


45,2 


68,93 


46,0 


71.852 


70,391 


38189 


2800 


75.0 114,37 


78,0 


121.84 


113,11 


39604 


2930 


85.2 129.93 


86,6 


136.39 


134.16 


41442 


30C0 


92.3 140.76 


95.0 


148.39 


144,58 


42430 


3100 


102.9 156,92 


98.5 


153.86 


155.39 


43347 


m — 


1.525 X 10"^ 


in/ ixi / divi Sion 








mo — 


1.562 X 10*^ 


ijy'lry'dlvlsion 




' 
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TA3I..3 III 



Test 1 


Approx, 


Gage Setting 200 p,s,i. 


Reading 


Cycles 


Load (lbs 


1 


30 


2285 


2 


100 


2357 


3 


1500 


2143 


4 


2000 


257? 


5 


2400 


2500 


6 


2600 


2571 


7 


280) 


2500 


8 


3000 


2571 


9 


4000 


2340 


10 


4500 


2270 


11 


5000 


2360 


12 


5500 


2285 


13 


6900 


2350 


14 


8240 


2410 


15 


lOOCO 


2571 


16 


70000 


2350 


17 


74200 


2515 


18 


76200 


2570 


19 


262204 


Fellura 


Roughness - 5 






Break - Fillet 






Ave. l/oad - 2350 lbs. 







** 33^000 



28 



TABLS n 



Test 2 


Approx* 


Gage Setting 220 p,s,i* 


Reading 


Cycles 


Load (lbs) 


1 


100 


2670 


2 


1000 


2610 


3 


2520 


2880 

I 


4 


3000 


2720 


5 


71050 


.2620 


6 


71200 


2760 


7 


7^00 


2760 


8 


83600 


Ho reading 


9 

i^ou^iness -» 5 
Break - Fillet 
Ave, Load - 2700 lbs* 
Stress - 38*200 p.s.l. 


105000 


Failure 



TABLE ? 



Test 3 


Approx* 


Qege Setting 240 p*s*i* 


Reading 


Cycles 


Load (lbs.) 


1 


40 


2960 


2 


3000 


2950 


3 


8000 


2970 


4 


12400 


2750 


5 


16900 


2850 


6 


56008 


Failure 


Roughness - 5 




' 


Break « Fillet 






Ave. Load - 2900 lbs. 







Stress - 4l#000 p*8«i« 



T>vBLS VI 



Test 4 


Approx. 


Gage Setting 260 p.o.i. 


fleading 


Cycles 


Load (lbs.) 


1 


40 


311c 


2 


2500 


3160 


3 


7600 


2960 


4 


11760 


No reading 


5 


I38OO 


3170 


6 


20850 


3100 


7 


21720 


3020 


8 


22972 


failure ' 


Roughness - 5 






Break - Hormal 







;.ve. Load - 3IOO lbs* 

Gtress ~ 43,800 p.3,i. 

TABLS VII 



Test 24 


Approx. 


Gage Getting 260 p.s.i. 


Reading 


Cycles 


Load (lbs.) 


1 


3000 


32^0 


2 


7900 


3280 


3 


7920 


3250 


4 


13100 


3250 


5 


13200 


3250 


6 


18000 


3330 


7 


18060 


3270 


8 


18374 


Failure 


Roughness - 5 






Break - Fillet 






Ave. Load - 3250 lbs. 







Stress - 46,000 p,s*i* 
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TivBLB VIII 



Test 26 


Approx. 


Cage Setting 270 p.s.i. 


Reading 


Cycles 


Load (lbs 


1 


3 OCX) 


3480 


2 


7680 


3500 


3 


7700 


3470 


4 


9900 


3500 


5 


9920 


3500 


6 


21002 


Failure 



Routine ss - 5 
Break - Fillet 
Ave. Load - >485 lbs. 
Stress - 49*300 p.s.i. 



TABLE K 



Test 5 


Approx. 


Gage Setting 280 p.s.i. 


Reading 


Cycles 


Load (lbs.) 


1 


' 10 


3240 


2 


7780 


Ro reading 


3 


7812 


3420 


4 


9220 


3390 


5 


11600 


No reading 


6 


11660 


3360 


7 


17660 


3380 



8 ^4achine broke down 



Roughness - 5 



Test 6 
Reading 
1 
2 

3 

4 

5 

6 Machine broke dovn at 
Roughness - 5 

Test 22 
Reading 
1 
2 

3 

4 

5 

6 

7 

Roughness - 5 
Break - Fillet 
Ave, Load - 3360 lbs. 



TABLE X 

Apnrox. Oage Setting 2S0 p.s.i. 



Cycles 


Load (lbs,) 


20 


3260 


1060 


3^70 


1120 


3560 


1620 


3520 


1650 


3440 


^•000 cycles 




TABLE XI 




Approx, 


Gage Setting 280 p.s.i. 


Cycles 


Load (lbs.) 


30 


3260 


1930 


3560 


5420 


3500 


9820 


3620 


13020 


3560 


16280 


3580 


18870 


Failure 



Stress - 47t500 p.s.i. 
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TABLK XII 




Test 13 


Approx. 


Oafe Setting 280 p.s.i. 


Reed ing 


Cycles 


Ijoad (lbs, 


\ 


20 


3460 


2 . 


7540 


3390 


3 


7560 


3570 


4 


9400 


3570 


«; 


9440 


3500 


6 


13460 


3570 


7 


13490 


3570 


8 

Roughness - 5 
Break - Normal 
Ave, Load - 3520 lbs. 
Stress - A9»780 p,s,l. 


14564 


Failure 








7^3LD A II I 




25 


Approx, Gsge 


Setting 290 p, 3,i. 


' U.f 


Cyclos 


r.otd ^>ibs.) 


L 


30 


L’o reading 


2 


6C0 


3550 


3 


3420 


3590 


4 


7500 


3530 


5 


10340 


Ko reading 


6 


10540 


reading 


7 


112^4) 


3510 


3 


11260 


3590 


9 


13700 


Failure 


Roughness - 5 






Break - Rorrael 






;»ve. Load - 3560 lbs. 







wtr3fJ3 - 50,30c p,s,l 
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^Js3L:: XIY 



Tast 7 




Approx. Gage Setting 300 p.s.i. 


K9^41n^ 


Cycles 


k9M 


1 


10 


3440 


2 


3280 


3540 


3 


3320 


3540 


4 


3400 


3540 


6 


10750 


3660 


6 


10800 


3730 


7 


12750 


Ho reading 


8 


12800 


Ho reading 


9 


12980 


ilo reading 


10 


13430 


3670 


11 


19326 


Failure 



Houghness - 5 
Break - Nortnal 
Ave. Load — 3590 lbs. 
Stroas - 50,700 p.s.i. 



TABLS X? 



Test 23 




Ap-'rox. Gage Setting 300 p,9.i. 


Headin/? 


C:;cl03 


XiOad Clbs, ) 


1 


3000 


3640 


2 


7300 


3830 


3 


9580. 


3460 


4 


9600 


3610 


5 


13832 


Failure 



Eou^hneao - 5 
Broak - Rormal 
Avq, Load ~ 3630 lbs. 



Stress - 51,300 p.s.i 
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TABLE XVI 



Test 9 


A..'-prox, 


Gage Setting 320 p,s*i. 


Resiling 


Cycles 


Load (lbs.) 


1 


10 


No reading 


2 


50 


3630 


3 


6740 


3680 


4 


6760 


No reeding 


5 


7000 


3870 


6 


7060 


3870 


7 


9316 


Failure 



Roughness - 5 
Break - Soroal 
Avei Load - 3760 lbs. 
Stress - 53»100 p#s*i« 



TABLE XVII 



Test 10 


Approx. 


Gage Setting 340 p.s.i. 


Reading 


Cycles 


IjOed (lbs.) 


1 


30 


3920 


2 


1080 


4015 


3 


2080 


4120 


4 

Roughness - 5 
Break - Normal 
Ave, Load - 4020 lbs. 


3240 


Failure 



*^tress — 66$ BOO 



Test 11 
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XVIII 

A]"rA 3 f, Gage Setting 360 p,s,l. 





Cycles 


I.Cfvi (Ibs.^ 


1 


50 


4450 


O 


100 


4510 


3 


400 


439*0 




550 


Failure 


Roughness - 5 






Break - Norael 






Av&o Load - ^450 lbs. 






Stress - 63*000 p.s.i. 


TABLE xrs 




Test 8 


Aporoz, 


Gage Setting 220 p.s.i. 


Reeding 


Cycles 


LOftd (lbs.) 


1 


10 


2670 


2 


4650 


2620 


3 


4800 


2730 


4 


5400. 


2300 


? 


9320 


2690 


6 


13400 


275.0 


/ 


17200 


2680 




77380 


Failure 



fiou^^hness - 50 
Brep-V - Fillet 
<»ve® I • 2700 Ibe* 
Stre-r - 38*200 p.s.i. 



Test 28 




Qege SJettlng 23 O p,s,l. 


Re fid ins 


Cycles 


Load (lbs.) 


1 


10 


No reading 


2 


4260 


So reading 


3 


4500 


No reading 


4 


6^>20 


2700 


5 


6440 


2870 


6 


8072 


2930 


7 


8080 


2880 


S 


9460 


2890 


9 


16180 


2970 


10 


16200 


2730 


11 


21860 


3000 


12 


21800 


2930 


13 


23660 


2870 


14 


48892 


Failure 


Roughness - 50 






Break - Fillet 






Ave, Lo&d - 2830 lbs* 







stress - 40,700 p,s,i. 



TAHL3 XXI 



Te-^t 12 


ApDroz. 


Oage Setting 240 p.s.i. 


Keadlnff 


Cycles 


Load (lbs.) 


1 


5 


3000 


2 


30 


3000 


3 


660 


2780 


4 


630 


3050 


5 


1600 


3090 


6 


1630 


3170 


7 


7000 


3000 


8 


11200 


3050 


9 


16830 


2950 


10 


36840 


Failure 


Boughness - 60 






Break - Hoiroal 






Ave. Load - 3000 11)3. 







Stress - 42,400 p.a.i 



TA3L3 XXII 



Test 27 


Approx, 


G-age Setting 250 p,s,i. 




Cycles 


Load (lbs, ) 


1 


2980 


3120 


2 


7540 


3160 


3 


7660 


3280 


4 


9660 


3150 


• 

6 


9600 


3090 


6 


10650 


3140 


7 


10670 


3170 


8 


16200 


3010 


9 


23740 


Failure 



Roughness - 60 
Break - Fillet 
Ave, Load - 3140 lbs. 



Stress - 44,400 p,s,i. 
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’2A2LZ :zail 




Test 16 


Apr?rox, G-age 


Setting 260 r,3,i. 


/*eanin<?T 


gycX_glii 


.4iQad_13sb3,i 


1 


10 


33C0 


o 


175 


3470 


rr » 

o 


5010 


3550 


4 


11100 


3460 


5 


14600 


3250 


6 


17400 


3290 


7 

Roughness - 50 
Breftlc - Fillet 
Ave. Load - 3360 Ihs, 
Stress - 47,400 p.s.i. 


20534 


failure 



TABLr. x:a? 



9ost 


Approx. 


Oago Sotting 270 p.s.i. 


iiajvline 


C. pels 9 


Load (lbs.) 


1 


3810 


3570 


2 


3830 


3570 


3 


7280 


3440 


4 


7500 


3470 


5 


9710 


3460 


6 


9730 


3390 


7 


19300 


3890 


8 


19310 


3290 


9 


30970 


3490 


10 


21000 


3440 


11 


27370 


Failure 



Hojighn009 - 50 
Breal*: - Hossnal 
Ave, Load ~ 3430 lbs. 



Stress - 48,500 p.s.l. 



7. : ':r7 



- T 

V J ^ . 

n /?» 

1 



7 

8 

Rou^^hnesa - 50 



3ro?i?: - Horml 



Ave, Load ~ 3470 lbs. 



8tre^.s - 49,000 p.s.i. 



Oest 16 

ZafJiss 

1 

2 

3 

4 



Eoughness - 50 
Break - Fillet 
Ave, Load - 3600 lbs. 



Ap'„rs::. jt-;o 


"£:C .:.i. 


y/cx 0 7 


:o d u>- 


10 




/* 

*Tv> 


3410 


3760 


>7 '■/ or- 


4000 


353 C 


8040 


3540 


1 iBGO 


5-i50 


SOOOO 


357C 


ViGlO 


Failure 



TABLE JCsYI 

Api^rox, Oa^o Setting 300 p.s.i. 



OFCles 


Load (lbs.) 


530 


3630 


3280 


3520 


8320 


3650 


11832 


Failure 



Stress - 50,900 psi 






O 



/I :?• 



ry 

o 

9 
* f 

iiouc^hness - 50 
3re:ik - Homed 
Ave. Load - 3860 lbs. 
Stress - 54,600 p.s.i. 

Toct 18 
Ke^-dliig 

2 

3 

A 

5 

6 

Roughness - 50 
Break - Homal 
Ave, Load - 4150 lbs. 






Ap'n-O.';, >'i 


Dtting o.’O T.s.i. 


CA;c.log 




10 


3860 


^jOO 


3330 


ll: 0 


3860 


3497 


yjiiliire 



HKBLll xxnii 

Approx, Gage Sotting 340 p.s.i. 







10 


4170 


100 


4170 


850 


4170 


880 


4170 


1900 


4080 


2218 


Failure 



Stress - 58,600 p,s,i 



-45- 





tahl?. jocix 




Test 17 


Approx, Oage 


Setting 360 p.s 


listing 


Qy.cJ.Q3 


Load (Ihg, ) 


1 


10 


4160 


2 


18 


Failure 



Roughness - 50 
Break - Horaal 
Ave. Load - 4160 Iba. 
'Stress - 58,800 p.s.i. 
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I'Qst 38 
Heading 
1 






3 

4 



r-» 

O 



6 

7 

8 
9 

10 

11 



12 



13 

14 

15 
15 
17 



18 

19 

?0 









4 

?.o 

Roughness - 100 
Break - IJomal 



TA3L5] m 



Approx. G-age Setting 210 p.a.i. 

Load (Ihs.) 
2630 



44 

72 

560 

670 

2980 

3000 

5660 

3660 

7250 



2570 

2600 

2650 

3550 

2580 

2550 

2550 

2640 



7260 

11200 

14600 

21450 

56830 

56840 

60125 

64300 

64310 

68080 

68100 

73890 

73900 

81090 

81100 

91378 



2550 

2440 

3520 

^610 

2520 

2630 

2670 

2550 



2600 

2600 

2660 

'660 

2500 

2600 

failure 

Ave. Load - 2580 lbs. 
Stress - 36,500 p.s.l. 



T.\3Li. XXXI 



Oest 35 


roxe 


Ga^je Setting 230 p«s*i* 




Cycles 


Load (ro3,.l 


X 


868 


2780 




3140 


2810 


3 


4320 


2790 


4 


8100 


2760 


IX 

v> 


11200 


2670 


e 


14100 


2760 


7 


18500 


2850 


6 


22650 


2710 


9 


23946 


Failure 



Roughness - 100 
- Fillet 

.^ve. Lo?.‘d - 2760 Ibg, 
‘Itrssa - 33,OCO p.s.i. 



TABii-j /wOCl X 



*ast 34 


Approx, 


G-ago Setting 250 


■ oadin«p 


Cycle 3 


J->0aci Clbs, } 


1 


1670 


3020 


2 


3380 


30u0 


3 


8190 


30u0 


4 


10260 


3000 


o 


10800 


3070 


6 


10820 


3090 


7 


14710 


3070 


8 


18640 


3090 


9 


18680 


3150 


10 


30100 


3180 


11 


23060 


-3070 


12 


23080 


3130 


13 


25100 


3180 


14 


27492 


Failure 



Koushness - 100 
Bref^k - Fillet 
Ave, Load - 3080 lbs. 



stress - 43,600 p.g.i. 



1!a3L7. mill 



Test 30 


Ajjprox, 


G?^e Setting 260 p.s«i. 




Cycles 


Load (lbs. ) 




1780 


3306 


2 


4690 


3370 


3 


4600 


3300 


4 


7930 


3320 


5 


11360 


3270 


6 


13200 


3350 


7 


16800 


3290 


8 


22338 


failure 



Eou^mess - 100 
Break - Fillet 
Ave, Load - 3300 lbs. 
Stress - 46,700 p,s,i. 



?GSt oO 


Ap^iroz. 


Oage Settin<5 280 p.a.i. 


Zaz&imL 


C.tcIgs 




1 


1700 


3420 


o 


4510 


3610 


o 


4530 


3530 


*4 


5570 


3440 


<-«• • 
a 


5590 


3310 


6 


11430 


3440 


7 


11450 


3370 


A 

b 


12754 


i'ailtira 



pjDUg'hnegs - 100 
3reak « 

Ave, load - 34;)v') lbs. 
iJtrasg - 48,300 r,3.i« 






?0£t 31 


A~'''rc2, 


O-fQ '^cttln ‘5 3C0 p.s.i. 




Orel eg 


Lopd (Ibg.) 


1 


80 


3330 


o 
— / 


110 


3360 


3 


3850 


3540 


4 


3S80 


3720 


5 


8570 


3460 


6 


GGOO 


3640 


7 


8680 


Failure 



Ho\ighness - 100 
Breal: - Fillet 
Ave, Lo^d - 3505 lbs. 
Stress - 49,500 p.s.i. 



SABLS XXXYI 



Test o3 


Approx, 


Oage Setting 310 p.s.i. 


Reading 


Cycles 




1 


80 


3660 


2 


100 


3600 


ry 

o 


3906 


3630 


4 


4000 


Ho reading 


5 


4924 


Failure 



Roughness - 100 
BreaJc - Fillet 
Ave, Lop^d “ 3630 lbs. 



Stress - 51,300 p,s,i 



TAJail 3CDCVII 



Test 20 


Ap-r;>rox. 


G-age Setting 320 p.3,1. 




Cycles 


load (Ibg, ) 


1 


66 


3720 


3 


500 


3890 


3 


7700 


3950 


4 


8310 


Failure 



Boughnagg - 100 
3reaLk - Filial 
Ave, Load - 3850 lbs. 
iitroas - 54,500 p,3,i« 



TAHLiJ iOCXVIII 



Test 37 


Api^rox, 


Gage Setting 320 p. s,i. 


Reading 


Cycles 


Load (lbs. ) 


1 


30 


3680 


2 


50 


3680 


3 


1620 


3940 


4 


2640 


4060 


5 

Roughness - 100 
Bra alt - Horraal 
A.V 0 . Load - 3840 lbs. 


2916 


Failure 



Strega - 54,300 p.a.i 



/.tTjiro", lett.iiVi <340 

"o ro :din{; 3 . Machine broke do-^/ii 20 cycles. 



Ro^ighneos - 100 

Tost 36 

JjmllQS 

1 

n 

3 

4 

5 

6 

hou(^lm039 - 100 
Dreoir - Monsal 
Ave. Load - 3970 Ibe. 



T/vj310 XL 

Ap'-roXo Cra,2S Setting 34C 
Cycles lo^ d (lba» ) 



20 


3620 


140 


3830 


.200 


3940 


540 


4100 


560 


4120 


724 


yV.iluro 



Stress - 56,100 p.s.i 



Test 51 


•54« 

TABi:: Au 

Approx. 


Gage Settlzig 210 p.s.l. 


r^a(3,i.Q^ 


Oy ole 3 




1 


20 


2520 


2 


lj?C 


2600 


3 


3790 


2540 


4 


5060 


2600 


5 


5260 


2720 


6 


8300 


2650 


7 


11700 


2500 


8 


17400 


2520 


9 


21^30 


2630 


10 


29600 


2520 


11 


34850 


2500 


12 


42096 


Failure 



Roughness - 200 
Break - Fillet 
Ave. Load - 25^0 Ibso 
Otroao - 3 o, 5^0 p«3.i. 



Tost 45 




noadirjg 


Oycles 


i 


70 


2 


700 


3 


3400 


4 


6750 


5 


10610 


6 


12030 


7 . 


15790 


0 


13250 


9 


22OOO 


10 


30140 


11 


37662 



Approx. Oage Setting 220 p.a.i. 

2460 

2510 

2660 

2670 

2690 

2670 

2720 

2700 

2720 

2720 

Failure 



Houghneos - 200 
Break - Fillet 
Ave. Load - 2660 lbs. 
Stress - 37*600 pcBcie 



- 56 - 



Test 48 

1 

2 

3 

4 

5 

6 

7 

t 

3 

9 

10 

11 . 

Ptou^nesa - 200/<-< 
Break - ?illet 
Are. Load - 2920 IbSp 



Mur. XLixi 

Approx 

40 

1180 

3220 

6420 

8310 

11450 

14160 

17700 

20200 

23430 

26432 



Oe^e Sotting 22j.O p«s«i. 
2320 

2910 

2930 

2380 

2330 

2910 

2930 

3010 

2980 

2920 

Feiluro 



Stress - 41*300 p.s.i. 



-57- 



TA3LD XLI7 



Tost 54 


Approx. 


Gage Sotting 250 p.s.i 


Reading 


Qyj^X &3 




1 


230 


2950 


2 


5216 


3000 


3 


7220 


2950 


4 


7530 


2990 


. 5 


12480 


3010 


6 


16270 


3030 


7 


19450 


3080 


G 


22840 


3070 


9 


25972 


failure 



Roughness - 200 ^^^ 



Brea): - Nonaal 



Ave« Load - 3^10 lbs. 
Stress - i;2,600 p.s.i 



- 68 - 



TABLZ .'V/ 



Test »'|2 


Approx* 


Gage Setting 260 p*s.i. 


-tedding 


Cycles 


Load, Clbd« ^ 


1 


40 


3400 


2 


ll6o 


3470 


3 


3180 


3100 


4 


4170 


3200 


5 


5220 


3160 


6 


7350 


3220 


7 


8l6o 


3290 


8 


9250 


3230 


9 


10100 


3230 


10 


11374 


Fellur© 



Roughness - 200^ 

Break - Fillet 

Avo. Load - 3255 ihOc 

Stress - 1^6,000 p.s.i. 



-5S- 



Test 41 



’.'.LVT 



Approy. Orv^. "cttln^ 280 p.r*l 



:Jo roodia^o. '-’fichino brol:x) down 
Hou{^.ri03S • 200^t. 



TJ\3LZ XLVII 



Test 49 


Approx. 


Gage Setting 280 p.o.i 


SeMLoG. 


Cycles 


IpMAlMfl 


1 


40 


35 !»o 


2 


2520 


3420 


3 


4090 


3440 


4 


6940 


3440 


5 


8210- 


3420 


6 


10810 


3530 


7 


10330 


3460 


3 


12550 


3450 


9 


14476 


Failure 



Roughness - 200 
Break - Fi llet 
Ave» Load * 34^0 lbs* 
Stress - 49*000 p.a.i. 



-60- 



TABLS XLVin 



Test 44 




Approx. Oage Setting 290 p.s, 




Cycles 




1 


40 


3630 


2 


2010 


3630 


3 


4360 


3650 


4 


6820 


3590 


5 


8150 


3630 


6 


9058 


Failure 


Boughness - 200 






Break - liopaal 






A,ve. Load - 3625 lbs. 






Stress - 51,200 p.s.i. 


TABL3 XLIX 




Test 39 




Ap':;rox. Oage Setting 300 p.s, 


Reading 


Cycles 


Load Clbs.) 


1 


40 


3312 


2 


500 


Ho reading 


3 


Machine felled 



Roughness - 200 



'JCot 46 

1 

2 

3 

4 
3 



- 61 - 




TADL 3 L 




Approx. 


Gogo Jotting 300 p.o.l. 


Szslfis 


ifiasljUJaiA 


46 


3580 


7630 


No readi ng 


2640 


I'fo reading 


3690 


No reading 



Illeotrioal failure 



Roughness - 200 c 






r.3i.3 a 



Test 43 


Approx. 


Oage -'^ttinc 310 p*‘s.i. 


ResdlDiC^ , 


5 Zc1o£ 




1 


10 


3500 


2 


36 


3660 


3 


53 


3690 


4 


720 


3 U 0 


5 




3 no 


6 


1250 


jrpo 


7 


1250 


3670 


3 




3/30 




13 DO 


3/30 


10 


2630 


3640 


11 


2700 


3690 


12 


3150 


3Q10 


13 


4670 


3810 


14 


5390 


3690 


15 


6280 


3690 


l6 


7350 


Pel lure 



Rouehness - 200 yu 

Break - Noniial 

Ave. Load - 37o3 lbs. 



3troos - 52t4*^0 p.c.i 



Test 40 


- 63 - 

T/^: LII 

Approx. 


Gage Setting 310 p.s.i. 


JFteadlng 


Qyoles 


Load Clbs.) 


1 


30 


3610 


2 


40 


3640 


3 


810 


3710 


4 


820 


3740 


3 


1120 


3740 


6 


1140 


3710 


7 


2380 


3640 


8 


2400 


3700 


9 


3130 


3710 


10 


3170 


3710 


11 


3710 


3660 


12 


3720 


3800 


13 


5000 


3620 


14 


5010 


3570 


13 


6440 


3390 


16 


6940 


Failure 



Houghness - 200 /a 
Breeic - Fillet 
Ave. Lood - 3660 Ibso 
Stress - 52*000 p.soi. 



Test 47 




-64- 

tabl:: uii 

hpprox- 


Ga^e Setting 320 p.s.i. 






C^olefi 




1 




88 


3550 


2 




100 


3670 


3 




640 


3790 


4 




650 


3820 


5 




2420 


3770 


6 




2450 


3820 


7 




4140 


3810 


8 




5270 


3810 


9 




7556 


Failure 


Roucbness - 200 ^ 
Bro€ik - Fillet 
Ave. Load - 3755 l^Js® 







Stress - 33*100 pos.i 



Test 52 


— 6G- 

T;j 3 ia Liv 

Appro::. 


Gage Totting 320 p.s 


Heaclin,'~ 


Cycles 


Load (Iba 


1 


30 


3650 


2 


390 


3610 


J 


800 


3720 


4 


820 


3550 


5 


1260 


3570 


6 


1230 


3540 


7 


2030 


3740 


a 


2870 


3740 


9 


3200 


3330 


10 


3420 


3830 


11 


4960 


3050 


12 


6210 


3730 


13 


7234 


Palluro 



HouG^inoso - 200 
area:: - Fillet 
Avo. Load - 3710 lbs* 



Gtroea ~ 5^*500 p.s*i 






/ 



T/3L.: 






L,>{ 



Test 33 


Approx. Ga'jio 


Getting 330 p.Ooi 


Readin/; 




Load { Ih ^. » ) 


1 


24 


3830 


2 


40 


3870 


3 


5 ^^o / 


3330 


4 


780 ' 


3050 


5 


1016 - 


FoilurG 



Houclinooa - 200 yu 
aE'ea:-: • Norrjial 
Ave« Load - 3845 
Stress - 54 •3^0 p.Soio 



T/aLi; LVl 



jest 50 



Approxo Gage Setting 340 p«.s.i« 



SgMifiE 


■QycJ^t 




1 


20 


3660 


2 


75 


3725 


3 


150 


3800 


4 


300 


Failure 



Roughness - 200 ^ 
Breol: - Nomal 
Ave. Load - 3730 lbo« 



Stress - 52*750 p«3«i 




00 



TEST SPECIMEN 



TEST SPECIMEN 




y 



i 



lO 



LOAD MEASURING COUPON 



i 




Fig. 3 

General View of Machine 




Fig. 4 



Hydraulic Section 



'^WlTGi-i 




/'ye<^A/r //yz^ye/^yi/c /^sr/A/^ Ai/ypc/y/A/^ 




COUNTED 




7 

y/svu T^STVA/a /wz’T/zTZf' 







f/6. 3 



rrfi/cA6 7Zsr^ss^^.r A3 f//MSD 



SajLqsle Tf»et 
Date 



flange 

Bou^hness 



Reading No. 



1 

;5 

3 

4 



5 

6 

7 

8 
9 

10 



11 

12 

13 

14 

15 

16 



17 

18 
19 



G«A«L«C« I ,T« 
Structures Laboratory 



Tiloctric 

Load 


Cycles 


Height 

Inches 


Actual 
Load lbs. 


Tensi! 
Lon.d p 


1000 


4 




0.27 






2000 


4 




0.55 






3000 


4 




0.81 




■ 


4000 


4 




1.08 










ATiia, 


0.37 








4 




0.70 


2590 


36600 




4 




0.70 


2590 


36600 








0.70 


2590 


36600 


2000 


4000 




0.60 






3000 


4000 




0.91 






4000 


4000 




1.19 










Ave, 


0.30 








4000 




0.78 


2600 


36800 




4000 




0.78 


2600 


36800 




4000 




0.78 


2600 


36800 


1000 


8000 




0.20 






2000 


8000 




0.40 






3000 


8000 




0.61 










Ave, 


0.20 








8000 




0.52 


2590 


36600 




80CO 




0.52 


2590 


36600 




8000 




0.51 


2560 


36000 



Reading Ho. 


Slectric 

Load 


Cycles 


Hei^t 

Inches 


Actual 
Loaa lbs. 


Tensile 
Load p.s 


61 


2000 


76000 


0.44 






62 


3000 


76000 


0.67 






63 


4000 


76000 


0.80 












Ave. 0.23 






64 




'76000 


0.57 


2590 


35600 


65 




76000 


0.57 


2590 


36600 


66 




76000 


0.57 


2590 


36600 


Failure 




77380 


Fillet 


Break 
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Thesis 10426 

R57 Ringness 

The effect of surface 
roughness upon 25 ST 
aluminum alloy subjected 
to repeated tensile 
stresses above the pro- 
portional limit. 



Tde e ^pon ' 

rou9'^^'^^^f aAAoy 
ter 

to _ ^hove 



u 



J ~ 

thesR57 

The effect of surface roughness upon 25 
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